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10a Saturday, February 15, 2014new minus-ends and begins pulling them poleward. These pole-focusing forces
exist throughout metaphase and anaphase and can move chromosomes rapidly,
dominating other spindle forces. Opposing forces on chromosomes from the
other half-spindle are able to slow, though not stop, the pole-focusing response,
as indicated by faster pole-focusing speeds in monopolar spindles and during
anaphase than in metaphase bipolar spindles. Together, our data indicate that
microtubule minus-end focusing forces operate broadly and rapidly and are
of similar magnitude to other spindle forces. These pole-focusing forces are
thus well-suited to robustly maintain spindle structural integrity despite rapid
turnover of spindle components and mechanical challenges.
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Myosin-Is are widely expressed molecular motors that comprise the second
largest myosin family in vertebrates with eight isoforms. Myosin-Is participate
in a host of cellular processes including vesicular trafficking, membrane dy-
namics, and nuclear transcription. The question thus arises, how can these mo-
tors with similar biochemical properties give rise to such diversity of function?
The answer appears to lie in the biochemical and mechanical diversity of the
isoforms. Our biophysical studies demonstrate that Myo1b is exquisitely sensi-
tive to tension, where forces >0.5 pN cause the motor to transform from a low
duty ratio motor with attachment lifetimes <1 s to a high duty ratio motor with
attachment lifetimes>50 s. Our studies also reveal that the isoform Myo1c has
a very different response to force despite its similar unloaded kinetics to
Myo1b. Myo1c is far less sensitive to force than Myo1b, enabling it to power
motility over a range of forces, consistent with it serving a role as a transporter
rather than as a tension-sensitive anchor. To better understand the molecular
basis for these differences in force sensing, we have determined the crystal
structure of Myo1b’s motor domain and first IQ-motif with bound calmodulin.
The structure reveals novel interactions between the light-chain binding
domain and the N-terminus of the motor domain, a region that shows substan-
tial sequence variability among myosin-I isoforms. We propose that these inter-
actions facilitate communication between the lever arm and the ATP binding
site, modulating the chemomechanical properties of the motor. Supported by
the NIH (GM057247).
65-Subg
A Structural Model of the Kinesin-5 Mechanochemical Cycle
Carolyn A. Moores1, Adeline Goulet2, Jennifer Major3, Yonggun Jun4,
Steven Gross4, Steven Rosenfeld3.
1School of Crystallography, Institute of Structural and Molecular Biology,
Birkbeck College, London, United Kingdom, 2Institute of Structural and
Molecular Biology, Birkbeck College, London, United Kingdom, 3Lerner
Research Institute, Cleveland Clinic, Cleveland, OH, USA, 4University of
California, Irvine, Irvine, CA, USA.
Kinesin motor domains drive diverse microtubule-based, ATP-dependent ac-
tivities but the molecular adaptations that specify these diverse functions are
poorly understood. Kinesin-5s are essential mitotic motors and their inhibition
with specific small molecules blocks cell division. Using cryo-electron micro-
scopy and subnanometer resolution structure determination, we have visual-
ised conformations of microtubule-bound human kinesin-5 motor domain at
successive steps in its ATPase cycle. In the ATP-like state, the kinesin-5
neck-linker is directed towards the microtubule plus-end, consistent with its
role in directional force generation. As ATP hydrolysis proceeds,
nucleotide-dependent conformational changes in the active site are allosteri-
cally propagated into rotations of the motor domain, uncurling of the drug-
binding loop5 and discrete, ratchet-like displacements of the neck linker
that contribute to motor stepping. The motor N-terminus also undergoes large
reorientations that indicate its role in controlling kinesin-5 neck-linker confor-
mation throughout the motor’s ATPase cycle. A kinesin-5 mutant lacking this
N-terminus is enzymatically active, but ATP-dependent neck linker move-
ment and motility is defective, although not totally ablated. Our data demon-
strate that, while the motor N-terminus plays a kinetic role in controlling
efficient neck-linker movement, the kinesin-5 neck-linker has intrinsic bio-
physical properties that enable it undergo nucleotide-dependent ratchet-like
movements that have presumably evolved according to specific functional
requirements.66-Subg
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In presence of a macromolecular crowding agent filamentous microtubules
spontaneously assemble into elongated bundles. Kinesin clusters can simulta-
neously bind to multiple filaments within such a bundle and thus power relative
sliding of the constituent filaments and the overall bundle extension. Starting
with such extensile bundles it is possible to hierarchically assemble diverse bio-
logically inspired materials including spontaneously beating synthetic cilia,
self-mixing and self-flowing active gels, motile emulsion droplets as well as
deformable vesicles. However, little is known about the mechanical properties
of isolated active extensile bundles that are the essential structural motif of
these diverse materials. We describe an experimental technique that allows
us to systematically assemble filamentous bundles with predetermined number
of filaments and quantify its ability to generate extensile force.
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Molecular motors often perform their functions in small teams rather than as
individual molecules. An important issue for understanding the function of mo-
tor teams is how the motors are coordinated. It has become clear in recent years
that mechanical interactions between motors play an important role in such pro-
cesses, as motors exert forces on each other. I will discuss two cases, where
experimental evidence has recently been obtains for the presence of such me-
chanical interactions: bidirectional cargo transport by cytoskeletal motors of
opposite polarity (e.g. kinesins and dyneins) and the twitching motility of bac-
teria on surfaces powered by pilus motors. Stochastic tug-of-war models
explain how fast bidirectional motion (or persistent motion in random direc-
tion) is obtained despite the presence of opposing forces via an instability
caused by the forced unbinding of motors. It will be shown that the mechanical
interactions alone are sufficient to account for the experimentally observed
dynamics.
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Dynein is a minus-end-directed microtubule motor protein that powers the
beating of cilia and flagella and transports a wide variety of cargoes within
the cytoplasm of eukaryotic cells. Dynein is not evolutionarily related to the
cytoskeletal motor proteins kinesin and myosin, but instead is a member of
the AAAþ superfamily. Unlike most AAAþ ATPases that self-assemble
into homo-hexameric rings, dynein has six distinct AAAþ domains that are
concatenated within a single, large polypeptide chain; extending from one of
the AAAþ domains is a long, anti-parallel coiled-coil extension (called the
stalk) that binds to microtubules. We have studied the mechanism of dynein
motility using a combination of structural and single molecule studies. I will
discuss how the two motor domains of dynein can act to slide apart anti-
parallel microtubules, an activity that may be important for dynein’s actions
in organizing the mitotic spindle during mitosis. I also will discuss how dy-
nein’s enzymatic cycle might be regulated for normal cargo transport.Subgroup: Exocytosis & Endocytosis
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Regulated exocytosis is a multistage process involving a merger between the
vesicle and the plasma membranes, leading to the formation of a fusion pore,
a channel, through which secretions are released from the vesicle to the cell
exterior. A stimulus may influence the pore by either dilating it completely
(full-fusion exocytosis) or mediating a reversible closure (transient exocytosis).
In neurons, these transitions are short-lived and not accessible for
Saturday, February 15, 2014 11aexperimentation. However, in some neuroendocrine cells, initial fusion pores
may reopen several hundred times, indicating their stability. Moreover, these
pores are too narrow to pass luminal molecules to the extracellular space, but
their diameter can dilate upon stimulation. To explain the stability of the initial
narrow fusion pores, anisotropic membrane constituents with non-
axisymmetrical shape were proposed to accumulate in the fusion pore mem-
brane. Although the nature of these is unclear, they may consist of lipids and
proteins, including SNAREs, which may facilitate and regulate the pre- and
post-fusional stages of exocytosis.
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The central nervous system relies on electrical signals travelling along neurons
and through synapses at high speeds. Signals often have to pass between two
neurons, or from a neuron to a muscle fiber, and the nervous system relies
on a process called membrane fusion to ensure that the neurotransmitter mol-
ecules that carry the signal across the synapses are released as quickly as
possible. Membrane fusion is an important process in many areas of biology,
including intracellular transport and fertilization, but it occurs much faster (mil-
liseconds) in the nervous system than anywhere else in the body. Moreover, it is
precisely calcium regulated. The molecular mechanism that underlies this fast,
regulated process has long been a mystery. We developed a single vesicle op-
tical microscopy assay that directly monitors content-mixing (rather than just
lipid-mixing) to observe membrane fusion between synthetic membranes that
contain reconstituted synaptic proteins: neuronal SNAREs, synaptotagmin,
complexin, and Munc18. When calcium ions were injected into our synthetic
system, the basic characteristics of neurotransmitter release - such as membrane
fusion on a millisecond time scale - was observed. Remarkably, the fastest
fusion events did not begin or proceed via a discernible hemifusion intermedi-
ate state. Rather, these events proceeded from a ‘‘point contact’’ state in which
the membranes were close to each other without being fused, and were ready to
undergo fast fusion once the calcium ions had been injected. When we intro-
duced a protein called complexin, which is known to be important for fast
neurotransmitter release in vivo, we observed more immediate fusion events.
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The M2 protein of the influenza virus forms a proton-selective channel that is
important for the lifecycle of the virus. Using high-resolution magic-angle-
spinning (MAS) solid-state NMR spectroscopy, we have obtained rich infor-
mation on the proton-conduction mechanism in this prototypical ion channel.
The proton-selective residue, a histidine in the transmembrane (TM) domain
of M2, undergoes microsecond reorientations, at the same time exchanging
protons with water molecules. The rate and energy barrier of the reorientation
motion and the kinetics of proton exchange are quantified through measure-
ments of 15N exchange NMR spectra, motionally averaged nuclear-spin cou-
plings, and 1H chemical shifts. The pH-dependent charged state and the
rotameric structure of the histidine rings were determined from chemical shifts
and internuclear distances. Aromatic interactions between the histidine and an
adjacent tryptophan residue provide novel insight into the two-orders-of-
magnitude difference between the histidine-water proton exchange rate and
the actual proton flux into the virion. Comparison of the 15N spectra of wild-
type M2 with a mutant with higher proton conductance revealed that histidine
- water proton exchange not only involved transformation of the neutral imid-
azole to the cationic imidazolium, but also involved transitions between the
two neutral tautomeric states of histidine, indicating that quantum-
mechanical tunneling is a second mechanism for proton relay. Mechanistic in-
sights obtained from the TM domain of M2 are extended to influenza B virus
M2 and to a longer construct of the protein to investigate the influence the
extra-membrane domains on proton conduction.
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Using long, all-atom simulations enabled by special-purpose hardware, we
studied Kþ permeation at the level of individual permeation events across
the bacterial channel gramicidin A and across the KV1.2/2.1 voltage-gated po-
tassium channel. At experimentally accessible voltages, which include the
physiological range, the simulated permeation rates were substantially lower
than the experimentally observed rates for both systems. In addition, the
current-voltage relationships were nonlinear, but became linear at much
higher, non-physiological voltages. In gramicidin A, the underestimated
permeation rate largely resulted from too-infrequent ion recruitment into the
pore lumen, although reducing the interaction strength between the ion and
the pore did increase the observed permeation rate. In KV1.2/2.1, we observed
at all voltages permeation consistent with a knock-on mechanism, and found
that the predicted rate was lower than the experimental rate because the
knock-on intermediate formed too infrequently. Additional simulations further
suggested that the knock-on permeation mechanism in different Kþ channels
could vary, possibly due to sequence and structural variations in the
selectivity-filter regions of these channels. Despite the need to apply large volt-
ages to simulate the permeation processes, the apparent voltage insensitivity of
the permeation mechanisms overall suggests that the direct simulation of
permeation at the single-ion level can provide fundamental physiological
insight into ion channel function. Polarizable force fields and membrane
models with improved dipolar potential and dielectric constants would be
needed, however, to obtain accurate simulated permeation rates at experimen-
tally accessible voltages.
